BACKGROUND: Subjects with type 2 diabetes without cardiovascular disease have a reduced exercise capacity compared to non diabetic subjects. However, the mechanisms responsible for this phenomenon are unknown. PURPOSE: To evaluate the impact of exercise systolic blood pressure (SBP) response on diverse exercise tolerance parameters in type 2 diabetic subjects. METHODS:
INTRODUCTION
The study of oxygen uptake ( Type 2 diabetes is related to arterial stiffness (6) which in turn is associated with increased afterload (6), leading to an elevated systolic blood pressure (SBP) (4) .
An exaggerated SBP response to exercise is associated with a lower cardiorespiratory fitness level in women (12). In contrast, athletes are known to develop an elevated blood pressure (BP) response in association with a higher exercise capacity compared to non athletes (9). In fact, a positive relationship between the exercise BP response and left ventricular mass (LVM) has been documented in this population (20) . However, the influence of early Blood pressure and exercise capacity in type 2 diabetes 5 hemodynamic changes induced by diabetes such as the presence of an elevated exercise SBP response on exercise capacity in subjects with type 2 diabetes without cardiovascular disease is unknown.
The aim of the present study was to evaluate the impact of an elevated SBP in response to peak exercise on different parameters related to exercise capacity in sedentary subjects with type 2 diabetes without cardiovascular disease. We hypothesized that subjects with higher exercise SBP would have a reduced exercise capacity.
MATERIALS AND METHODS

Study population
Twenty-eight sedentary men with type 2 diabetes were recruited for this study.
All subjects were type 2 diabetics treated with oral hypoglycemic agents (metformin, glyburide and/or glyclazide) and/or diet. No subject was on insulin. protocol was always performed in the fasting state at the same time of the day at 20 °C room temperature.
Blood pressure
Following 15 minutes of quiet rest in a supine position, resting BP was then measured with the subject seated using an automated sphygmomanometer with headphone circuit option (Model 412, Quinton Instrument Co., Bothell, WA, USA). BP during exercise was measured every 2 minutes throughout the maximal exercise protocol using the same automated sphygmomanometer as for the evaluation of resting BP. The subjects were divided into two groups according to the median value of peak SBP measured in each subject.
Statistical analysis
A Student unpaired t-test and an one-way ANCOVA were used to evaluate the peak exercise parameters differences between the groups. The Mann-Whitney test was used for data not normally distributed. The hypoglycemic regimen in the two groups were compared using the Fisher's exact test. The Pearson's correlation was used to assess associations between variables. All data are presented as mean±standard deviation unless otherwise specified. A p value < 0.05 was considered statistically significant.
RESULTS
Baseline characteristics of each group separated on the basis of the median peak exercise SBP are presented in Table 1 . There was no statistical difference in all baseline characteristics between groups. Also, there was no statistical difference in the proportions of subjects on hypoglycemic agents. However, the subjects in the high peak SBP group tended to be younger (50 ± 10 vs 56 ± 8 y;
p=0.08) whereas a trend for a lower resting SBP was observed in the low peak SBP group (< 210 mmHg) compared to the high peak SBP group (> 210 mmHg) (130 ± 11 vs 139 ± 14 mmHg; p=0.06). Table 2 presents results from the peak exercise capacity evaluation (
Per study design, there was a difference between the peak SBP between groups (p<0.001). A reduced increment in SBP (peak SBP minus resting SBP) during exercise was observed in the low peak SBP group compared to the high peak 
DISCUSSION
These results suggest that, in subjects with type 2 diabetes without cardiovascular disease, an elevated exercise SBP is not associated with reduced exercise capacity. Furthermore, SBP modulation during exercise is not related to glycemic control in our sample. To our knowledge, the present study is the first to evaluate the impact of diverse exercise SBP responses on parameters related to exercise capacity in subjects with type 2 diabetes.
The presence of an elevated SBP response during exercise may be a predictor of future hypertension (17; 18; 26). In contrast, an elevated SBP response to exercise has been also observed in endurance and strength-trained athletes as well as in subjects with prehypertension and seems to be positively associated with exercise capacity (7; 25). In the present study, important parameters related Blood pressure and exercise capacity in type 2 diabetes 10 to exercise capacity, namely absolute 2 O V & peak, exercise duration and peak work rate, were positively related to peak exercise SBP. In addition, subjects with an elevated SBP (> 210 mmHg) in response to peak exercise presented higher Figure 2 illustrates a hypothetic schematic representation regarding this enhanced, or preserved, exercise capacity observed in subjects with higher peak exercise SBP.
BP response appears to be related to blood glucose control (16). Indeed in the resting state, the presence of hyperglycemia led to an increase in SBP and DBP Blood pressure and exercise capacity in type 2 diabetes 12 independently of endogenous insulin in 20 patients with type 2 diabetes (16). A reduced availability of nitric oxide has been suggested as a potential explanation (16). However, in our 2 groups with a marked difference in peak exercise SBP, there was no significant difference between short term (FBG) as well as long term (HbA 1c ) blood glucose control, suggesting that the BP modulation observed during exercise in these subjects may not have been influence by blood glucose exposure per se.
The principal limitation of the present study is the absence of a control group of non diabetic subjects. Consequently, we used the terms elevated and high SBP instead of exaggerated SBP since we did not compare our results with a "normal" exercise response obtained from a control group. Nevertheless, the goal of this study was to investigate the impact of an elevated exercise SBP on exercise capacity in subjects with type 2 diabetes. Therefore, the group with peak exercise SBP below 210 mmHg could be considered as control subjects since 210 mmHg is a clinically relevant cut-off regarding the exercise-induced hypertensive response (14). Of note, age might have influenced at some point our results but the higher exercise capacity observed in our subjects with higher exercise SBP is still present compared to subjects with lower exercise SBP after adjustment for age. Also, even if all the subjects were carefully screened in light of our inclusion and exclusion criteria, we cannot rule out the possibility that the differences observed in our groups were related to the insulin resistance state and/or the presence of left ventricular diastolic dysfunction. Furthermore, it is already known that the resting SBP represents an independent predictor of exercise SBP, which explains over 40% of the inter-individual variability (1) . In this study, the resting SBP was also related to peak SBP but it explained only 17% of the variance.
Since there was no significant difference in terms of resting nor peak exercise HR, it seems unlikely that sympathetic overactivity might have accounted for our results. However, we cannot exclude the possibility that a subtle change in sympatho-vagal activity, i.e. sympathetic predominance, might have influenced our findings (22). Finally, we cannot ignore that these differences might be related to whether the maximal effort was attained or not since we used
However, this is unlikely since our 2 groups reached similar RER both above 1.15 and it was recently shown that
Further research is needed to evaluate if; 1) these results represent an increase or a preservation of exercise performance, 2) LV remodelling is related to increased peak SBP and exercise capacity in these subjects and, 3) these results will be influenced in subjects with LV diastolic function.
CONCLUSION
Our results suggest that, in subjects with type 2 diabetes without cardiovascular disease, an elevated exercise SBP is not associated with reduced exercise capacity and its modulation is probably not related to glycemic control. 
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